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(54) Abstract TltlerExpanding a tubular imHTiber 

(57) An apparatus, comprising: a first tubular member 
(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
tt)e second tubular member; a pressurized region 
(175) within the second tubular member above the 
mandrel; and a mechanism adapted for displacing 
the mandrel with respect to the second tubular 
rnemben wherein the first tubular member includes 
a defective portion, and wherein the second tubular 
member is positioned in opposing relation to the 
defective portion. 

The first tubular member may be a wellbore casing 
and the second tubular nnember hfiay be suspended 
in situ to repair the defect in the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 

The present application claims the t>enefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10, filed oh 
2/18/2000, the disdosure of which is inoorporated herein by reference;. ' 

This application is a oontrnuation-in-part of U.S. Serial No. 09/559,122, attorney 
docket number 25791,23.02, filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent applicatbn serial number 60/131,106, filed on 
4/26/1999, which vias a continuatk>h-in-part of U.S. patent applicatton serial number 
09/523,460, attorney docket number 25791.11.02, filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent applicatton serial no. 60/124,042, 
filed on 3/11/1999, which was a oontinuatton-in-part of U.S. patent application serial 
number 09/510.913, attorney docket number 25791.7,02. which claimed the benefit of 
the filing date of U.S. provisional patent application serial number 60/121,702. filed on 
2/25/1999. which v/as a cohtinuatton-in-part of U.S. paterit application serial number 
09/502,350, attorney docket number 25791.8.02. filed on 2/10/2iD00, which claimed the 
t>enefit of the filing date of U.S. provisional patent application serial number 
60/119.611, attorney docket number 25791.8. filed on 2/11/1999. which was a 
contlnuatron-ln-part of U.S. patent application serial number 09/454,139. attorney 
docket number 25791.3.02, jfiled on 12/3/1999, which dainried the benefit of the filing 
date of U.S. provistonai patent application serial number 60/111,293, fited on 
12/7/1998. 

The present application is related to the foltowing U.S. patent appjicaflpns:' (1) 
utility patent application number . attomey docket number 25791.9.02. 

filed on 11-16-1999, which claimed the benefit of the filing date of provisional patent 
application number 60/108.558, attomey docket number 25791. 9,. filed on 11-16-1998; 

(2) utility patent appfication number -^^ attomey docket number 25791.3,02, 

filed on 12-3-1999, whidi claimed the benefit of the filing date of provisional patent 
application number 60/111,293, attomey docket number 25791.3, filed on 12-7-1998; 

(3) utility patent applicatton number attomey docket number 

25791.8.02, filed on 2-10:2000. which claimed tfie benefit of the filing date of 
provisional patent application number 60/119,611, attomey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attomey* 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent appfication number 
60/121,841, attomey docket number 25791.12, filed on 2-26-1999; (6) provisional 



patient application number 60/121.907, attorney docket number 25791.16. filed on 2- 
26-1999; (7) provisional patent application numl)er 60/124.042, attorney docket numl)er 
25791,11, filed on 3-11-1999; (8) provfeional patent application number 60/131.106, 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provisional patent application 
5 number 60/137,998. attonwy docket number 25791.17, filed on 6-7-1999; (10) 
provistonal patent applk^tton number 60/143^0319, attorney docket number 25791.26. 
filed on 7-9-1999; (11) provisional patent applk:atian number 6(^146.203, attorney 
docket number 25791.25, filed on 7-M-1999; (12) provisional patent application 

^^^ber attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provistonat patent application number ' ' • attorney docket number 

25791,34. filed on 10-12-1999; (14) provisional patent application number 
attorney docket number 25791,36, filed on 10-12-1999; (13) provisional patent 
applicatfon number 60/159,033. attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent application number . attorney docket 

15 number25791.27, filed on 11-01-1999. 

Applicants incorporate by reference the disclosures of these applications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to weilbore 
casings that are forimed using expandable tubing. . 
20 . Conventionally, when a wellbore is created, a number of casings are instelled in 

the borehofe to prevent ooHapse of the borehole wall and to preyent undesired outflow 
of drilling fluid into the fomiation or inflow of fluid from the formatton into the borehole. 
The borehole is drilled In intervals whereby a casing which Is to be Instaliefd in a lower 
borehole Interval is lowered ttirough a previously instelled casing of an upper borehole 
25 Interval. As a consequence of this procedure thp casing of the tower interval Is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward direction. Cement 
annull are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the bbrehoto wall. As a consequence of this nested arrangement 
30 a rielath^ly large borehole diameter Is required at the upper part of the wellbore. Such 
a large borehole diameter involve increased costs due to heavy casing handling 
equlprnent, large drill , bits and Increased volumes of drilling fluW and drill cuttings. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 
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diameters driDed In the course of the well, and the large volume of cuttings drilled and 
renrtoved. 

Conventionally, at the surface end of the welibore, a wellhead is formed that 
typically includes a surface casing; a mmber of production and/or drilling spools. 
5 valving. and a Christmas tree. Typically the wellhead further indujdes a concentric 
arrarigernent of casings including a productton casing and one or more intenmediate 
casings. The casings are typically suppqrted using load bearing slips positioned alxive 
the ground. The conventional design and construction of wellheads is expensive and 
complex. 

10 Conventionally, a weilborB casing cannot be fonried during the drilling of a 

welibore. Typically, the wellbore is dnlled and then a wellbore casing is fb 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads; 

15 Summary . 

According to another embodiment of the present invention, a method of 
expanding a tubular member is provided that includes pladhg a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respqct to the tubular member. 

20 According to another embgdintent of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular nfiember. a 
second tubular member positioned wtthin the first tubular member, a third tubular 
member movabiy coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interface between the first and second tubular 

25 members, a second annular sealing mennber for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and couple to an erKl of the third tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a tubular meniber, a piston adapted to expand the diameter of 

30 the tubular member positloried within the tubular member, and an annular chamber 
defined by the piston and tubular member. The pistpri includes a passage for 
conveying fluids out of tf)e tubular member. 

Accordirig to another embodiment of the present invention, an apparatus is 
provided that includes a pree)dsting structure and a tubular member couple to the 

35 preexisting structure. The tubular member is coupled to the pneexiisting structure by 
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the process of: positioning the tubular mennt)er in an overlapping relationship to the 
preexisting stnjcture, placing a mandrel within the tubular niember, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular nnember. 
5 According to another ernbodiment of the present invention, a method of 

expanding a tubular member is provided that includes prefomrririg the tubular men4)er 
Id Include, a first portion, a second portion, and a third portion, pladng a mandrel within 
the second portion of the tubular membef. pressurizing a region within the tubular 
member, and displacing the mandrel with respect to the tutnilar member. The inside 

10 diameter of the second portion of the tajbular member is greater than the Iriside 
diameters of the first and third portions of the tubular niember. 

According to arK>ther embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular member, arid a mandrel positioned, within the second 
tubular member and coupled to an end portion of the third tubular member. The inside 
diameter of the second tubular member is greater than the inside dianieters of the first 
and third tubular rhiembers. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular nrember positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of ttie second pdrticm of the 
tubular member is greater than the inside diameters of the first and tMrd portions of the 

25 tubular member. 

According to another embodiment of the present ln\^ntion, an apparatus Is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. TTie tubular member is coupled to the preexisting structure by 
the process of: preforming the tubular member to include first, second, and third 
.30 portions, positioning the tubular member in an byeriapping relationship to the 
preexisting stmcture; placing a mandrel within the second portion of fh& tubular 
member, pressurizing an interior, region within the tubular member, and displacing the 
mandrel with .respect to the tubular member. The inside diameter of the second portion 
of the tubular member js greaterthan the Inside dtarrieters.of the first and third portions 

35 of the tubular member. 
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The present embodiments of the invention provide methods and apparatus for 
fbnftiing and/or repairing wellbore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
wellbore casings, pipelines, and structural supports is improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an ernbodlment of an 
apparatus and method for expanding tubular menibers. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. Ids another fragmentary cross-sectiorial illustration of the apparatus of 

FIG, la. ^ 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tut)uiar members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is. another fragmentary cross-sectjonal JIIustration of the apparatus of 
FIG.2a. 

FIG. 2d Is another fragmentary cross-sectior^al lllustratidn of the apparatus of 
Fia2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Embpdinnents 
Refening now to FIGS, la, ib and 1c, an apparatus 100 for expanding a 
tubular member vAW be described. In a preferred embodiment, the apparatus 100 
25 includes a support member 1 05, a packer 1 1 0, a first fluid conduit 1 1 5, an annular fluid 
passage 120, fluid inlets 125, an annular seial 130, a second fluid conduit 135. a fluid 
passage 140. a mandrel 145, a mandrel launcher 150, ^ tubular member 155, slips 
160, and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
30 form a wellbore casing, line a weilborexasing, form a pipeline, line a pipeline, form a 
structural support riDember, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular nr)enA>er 1 55 onto a preexisting tubular member. 

The support memt>er 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 



fabricated from any number of conventional commercially available materials such as, 
for example, oilfield countiy tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 Is preferably selected to fit through a preexisting 
sepfion ofwellboTB casing 170. In this manner, the apparatus 100 may be positioned 
5 within the welibore casing 170. In a preferred embodiment, the support member 105 is 
reteasaWy coupled to the mandrel launcher 150. In this manner, the support member 
105 rnay be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 110 is coupled to the support member 105 and the first flukJ conduit 
10 115. The packer 110 preferably provkles a fiukl seal between the outskle surface of 
the first fluid conduit 115 and the inside surface of the support member 105- In this 
manner, the packer 110 preferably seals off and. In cornbination with the support 
member 105. first fluid conduit 115, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number pf conventional 
15 commercially available packers modified in accordance with the teachings of the 
present disclosure, in a prefened embodiment, the packer 110 is an RTTS packer 
available from Halliburton Energy Servtees in order to optimally provide high load and 
pressure containment capacity while also altowing the packer to be set and unset 
multiple times without having to pull the packer out of the welibore. 
20 The first fluid conduit 115 is coupled to the packer 110 and ttie annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional conhmerdally available materials such as, for example, ollfieid 
country tubular goods, low altay steel, cart)on steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 Includes one or more fluid inlets 125 for 
25 conveying fluidic materials from the annular flukl passage 120 Into the chamber 1 75, 

The annular fluid passage 120 is defined by and positioned between the Interior, 
suri^ace of the first fluid conduit 1 15 arid the interior surfece of the second fluid cohduit 
135. The annular fliiM passage 120 is preferably adapted to convey fluklic materials 
such as cement, water, epoxy. lubricants, and slag mix at operating pressures and flow 
30 rates ranging firom about 0 to 3.000 gallons/minute and 0 to 9,000 pst In order to 
optimally provMe flow rates arid operational pressures for the radial expanston process; 

The flukl inlets 125 are positioned in an end portton of the first fluid conduit 115. 
The fluid inlets 125 preferably are adapted to convey fluidic materials such as cement 
water, epoxy, lubricante. and slag mix at operating jwessures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3,000 gallons/nrunute In order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid comduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surfece of the first fluid conduit 1 1 5 and the iexterior surface of the second fluid 
oonduH 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 115 and the e)derior surfeoe of the second fluid dondult 
135 during reittive axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as. for example, 0-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the annular seal 130 Is a polypak seal available 
from Parker Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second flukl conduit preferably Is a tubular member fabricated from 

15 any number of conyentionar commercially available materials such as, for example, 
coiled tubing, oilfield country tubular goods, low alloy steel, stainless steel, or low 
cart>on steel. In a preferred embodiment, the second fluid conduit 135 is adapted to 
convey fluidk: materials such as cement, water, epoxy, lubricants, and slag mbc at 
operating pressures arxj flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operattonai pressures for the 
radial expansion process. 

The fluid pa^s^ge 140 is coupled to the second flukl conduit 135 arid the 
mandrel 145. In a preferred embodiment, the fluid passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging fnxn about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally ptx>yide fk)w rates and operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 secGoh fabrfeated from any number of conventtonal comnDerdaily available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength altoys. In a preferred embodiment, the angle of the coriic secfoh of the 
mandrel 145 ranges finom about 0 to 30 degrees in ordeir to optirnally expand the 
mandrel launcher 150 and tubular mernber 155 in the radial direction. Ir) a prefenBd 

35 embodiment, the surfece of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high ylield strength. In a prefemed embodlrront, the 
expansion cone 145 Is heat treated in order to optinnaHy provide a hard outer surface 
arKi a resilient Interior txxly in order to optimally provide abrasion resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expandibie in : 
5 order to further optinially augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145, and the tubular member 155. The rnandrel launcher 150 preferably ara a tubular 
menriber having a variable cross-sedion and a reduced wail thickness In order to 
facilitate the radial expansion process. In a prefened embodiment, the cross-secUonal 
10 area of the nuindrel launcher 1 50 at one end Is adapted to mate with the mandrel 145, 
and at the other end, the aoss-sectional area of the mandrel launcher 150 Is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular PDember 1 55 in order to facilitate the initiation 
15 of the radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially available materials such as. tor example, oilfield country tubular goods, 
low allow steel, stainless steel, or cart3on steel. In a prefened embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tubuldr goods having higher 
20 strength but tower w^ll thtokness than the tubular rhember 155 in order to optimally 
match the burst strength of the tubular member 155, . In a prefened embodiment, the 
\ mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the wellbore 180 upon the 
completion of an extrusion operation. 
25 In an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally fonned. In this alternative embodiment, the support 
member 105 preferably tenninates above the top of the packer 110. In this alternative 
embodiment, the fluid conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 1 10 to couple together the elements of the apparatus 
30 100. In this alternative embodiment. In a preferred embodimenti during the radial 
expanston process, the padker 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the preyfous casing 170, within the tubular 
member 155, between radial expansion operations. In this rhanner, the packer 110 is 
moved downhole and the apparatus lOO is re-stroked. 
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The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably Is a tubular member fabricated from 
any number of conventional commerdaliy available materials such as, for example, low 
alloy steel, cart)on steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 embodiment, the tubular member 1 55 Is febricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the interior walls of a casing; pipeline 
or other structure upon the radial expansion of the tubular member 155. in this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 . Thd slips 160 may be any number of conventiorial commercially available slips such 
as, for example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a prefen-ed embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 

15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750.000lbf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provkle a fluMic seal between the outside surface of the 
expanded tajbular member 155 and the interior watts of a casing, (Pipeline or other 

20 structure upon the radial expanskMi of the tubular member 155. In this manner, the 
seals 165 provMe a fluidic seal for the expanded tubular member 155. The seals 165 
nnay be any number of conventkmal commerdaliy available seals such as, for example, 
nitrite rubber, lead, Aflas rtibber, Teflori, epoxy. or other elastomers. In a preferred 
emtKxIiment, the seats 165 are rubber seals available from numerous commercial 

25 vendors in order to optimally provide pressure sealing and load bearing capacity. 

During operation of the apparatus 1 00, the apparatus 1 00 is preferably k>wered 
\nto a wellbore 180 having a preexisting section of wellbore casing 170. In a prefenred 
embodiment, the apparatus 100 is posltroned with at . least a portion of the . tubular 
mernl>er 155 overtappihg witti a portion of the welibore casing 170. In this mariner, the 

30 radial expanston of the taJbular member 155 will preferably cause the outside surface of 
the expanded tubular .member 155 to couple with the insMe surface of the wellbore 
casing 170.. in a preferred embodinnent, the radial expansion of the tubular member 
155 will also cause the ^ips 160 and seals 165 to engage with the interior sutfece of 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 

• . 9 -. . 



wfth enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As iilustrated In FIG. l b, after placement of the apparatus 100 in an overlapping 
relationship with the wellbora casing 170, a fluidic material 185 is preferably pumped ^ 
Into the chamber 175 Using the. fluid passage 120 and the Inlet passages 125. In a 
prefarred embodiment, the fluidic matertal ls pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallQns/minute in order to optimally provide flow rates and operational pressures for ttie 
radial expansion prooess. the pumped fluidic rnaterial 185 increase the operating 
pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
1^ and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 
pumping of the fluidic material 185 preferably causes ttie entire iengtti of the tubular 
member 155 to expand In ttie radial direction. 

In a prefenred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during ttie latter stages of ttie extrusion process in order to 
minimize shodc to the apparatus 100. In a preferred embodiment, the apparatus 100 
includes shodc absorbers for absorWng ttie shock caused by ttie completion of ttie 
extrusion process. * 

In. a preferred embodiment, the extrusion process causes the mandrel 145 to 
move in an axial direction 185. During ttie axial movement of ttie mandrel, in a 
prefen^ embodiment, ttie fluid passage 140 conveys fluidic material 190 displaced by 
ttie moving mandrel 145 out of ttie wellbore 180. In Mils manner, ttie operational 
effidericy and speed of the extrusion process is enhanted. 

Iri a prefenred embodinient, ttie extrusion process includes the injection of a 
hardenable fluidic rnaterial Into ttie annular region between ttie tubular member 155 
and ttie bore hole 180. In ttiis manner, a hardened sealing layer is provided betwe«lri 
ttie expanded tubular member 155 and ttie iriteribr walls of ttie wellbore 180. 

As illusbated In FIG. 1c, in a preferred embodiment, upon ttie comptefion of ttie 
extrusion-process, ttie support member 105, packer 1 10, first fluid conduit 115. annular 
seal 130, second fluid conduit 135, maridrel 145, and mandrel launcher 150 are moved 
finom ttie wellbore 180. 
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In an alternative emtxxliment, the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In this altennative embodiment both ends of the tubular 
member 155 preferably include slips 160 and seals 165. ' 

in an alternative embodiment, the apparatus 100 is used to fomi a tubular 
5 stnidural support for a tniilding or ofEshore structure. 

Referring now to FIGS. 2a, 2b, 2c, 2d, and 2e, an apparatus 200 for expanding 
a tutMJiar memb^ will be described. In a prefenned embodiment, the apparatus 200 
includes a support member 205, a mandrel launcher 210, a mandrel 215. a first fluid 
passage 220, a tubular member 225, sDps 230, seab 235. a shoe 240, and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 Is used to radially 
expand the mandrel launcher 210 and tubular member' 225. In this manner, the 
apparatus 200 may be used to fomn a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a staictural support member, or repair a wellbore casing, 
pipeline or structural support member. In a preferred embodiment, the apparatus 200 
1 5 is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

the support member. 205 is preferably coupled to the mandrel launcher 210. 
The support merhber 205 preferably is a tubular member fabricated from any number 
of oonventimal commercially available materials such as, for example, oilfield oouritry 

20 tubular goods, low alloy steel, carbon steel, or stainless steel. The support meml>er 
205, the mandrel launcher 210, the tubular member 225. and the shoe 240 are 
preferably selected' to fit through a pree)dsting secUon of we^^ In this 

manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
prefened embodinrient, the support member 205 is releasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled frdm the 
mandrel launcher 210 upon the completion of an extriislOT operatio^^ 

The mandrel launcher 210 is coupled to the support member 205 and the 
tubular niember 225. The mandrel launcher 210 preferably are a tubular member 
having a variabis cross-section and a reduced wall thickness In order to fadlltate the 

30 radial expansion process. In a prtfened embodinrient, the cross-se^^ 

mandrel launcher 210 at one end is adapted to mate with the mandrel 215. and at the 
other end, the cross^sectional area of ttie mandrel launcher 210 Is adapted to match 
the cross-sectional area of the tubular member 225. in a preferred embodiment, the 
wall thici(ness of the mandrel launcher 210 ranges from about 50 to 100 %.of the wall 
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thickness of the tubular memt>er 225 in order to fadtit^te the initiation of the radial 
expansion process. 

The mandrel launcher 210 niay be fabricated from any number of conventior^al 
commerdaliy available materials such as. for example, oilfield country tubular goods, 
low allow steel, steinless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thidcness than the tubular member 225 in order to optimally, 
match the burst strength of the tubular member 225. In a prefen^ embodiment, the 
mandrel launcher 210 Is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated firom any number 
of conventional commercially available materials such as, for Sample, machine tool 
steel, ceramics, tungsten carbide, titenium or other high strength alloys. In a preferred 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
membeir.225 in the radial direction. In a preferred embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C in order to optimally provide high yield 
strerigth. In a preferred embodiment, the expansion cone 215 is heat treated |n order 
to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abraston resistence and fracture toughness. In an alternative 
embodiment, the maridrel 215 is expendible In order to further optimally augrnent Uie 
radial expansion process. 

The fluid passage 220 is positioned within the mandrel 215. The flukl passage 
220 is preferably adapted to convey flukJic materials such as cement, water, epoxy, 
lubricants, and slag mfac at operating pressures and ftow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provkle flow rates and 
operational pressures for the radial expanston process. The fluid passage 220 
preferably includes an inlet 265 adapted to rec^ a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluidteiy isolated 
from the interior chamber 275 below the maridrel 21 5. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably Is a tubular memt>er fabricated 
from any number of conventional dommerdaity available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated frorri oilfield country 
tubular goods. 

The slips 230.are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipelirie 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
' The slips 230 may be ^ny number of conventional commercially available slips such 
as. for example. RTTS packer tungsten carbide medianical slips, RTTS packer wicker 
10 type mechanical slips, or Model 3L retrievable Mdge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outside surface of the 
15 expanded tubular member 225 and the Interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225! In this nr^lnner, the 
seals 235 provkfe a fluidic seal for the expanded tubular member 225. The seals 235 
rnay be ariy number of 06nventk>nal comrnerdally available seals such as, for example, 
nitrile rubber, lead, Aflas rubber. Teflon, epoxy or other elastomers. In a prefenned 
. 20 erhbodiment. the seals 235 are oonvenftonal rubber seals available from , various 
commercial vendors in order to optimally proykle pressure $ealing and load bearing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a flukl passage 245 for conveying fluidic 

25 materials from the chamber 275 to the annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional convnerdally available shoes 
such as. for example, a Super Seal II float shoe, a Super Seal II Down-J^^t float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug nrKxlifled in accordance with 
the teachings of the present disctosure. In a prefenned embodinnent. the shoe 240 is an 

30 aluminum down^t gukie shoe with a sealing sleeve for a. latch down plug, avisillable 
from Halliburton Energy Services, modified in accordance with the teachings of the 
present disclosure, in order to optimally gukJe the tubular member 225 in the wellbore, 
optimally provide a fluklic seal, between the interior and exterior diameters of the 
overiapping joint between the tubular members, arid optimally ^dlitate the complete 
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drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. ^ 

During operation of the apparatus 200. the apparatus 200 is preferably lowered 
Into a wellbofe 260 having a preexisting section of welllx)re casing 275. In a prefenBd 
5 enftlKKliment, the apparatus 200 is positioned with at least a portion of the tubular 
nnember 225 overlapping with a pbrtlon of the weilbore casir^g 275: In this manner, the 
radial expansion of the tubidar member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to opuple with the inside surface of the weilbore 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
10 225 will also cause the slips 230 and seals 235 to engage with the interior surface of 
the weilbore casing 275. In this manrier, the expanded tubular nriember 225 is provided 
with enhanced structural support by ttie slips 230 and am enhanced fluid seal by the 
seals 235: 

As illustrated in FIG. 2b» after placement of the apparatus 200 in an overtapping 
• 15 relationship with the weilbore casing 275, a fluidic material 280 is preferably purriped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245, and into the annular region 270. In a preferied 
embodiment the fluidic material 280 is pumped into the chamber 270 at operating 

20 pressures and flow rates ranging from about 0 to .9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial eypansion process. In a preferred embodiment, the fluidic material 280 is a 
hardenable fluidic sealing material In order to fbrni a hardened outer annular rnember 
around the expanded tubular member 225. 

25 As illustrated in FIG, 2c, at some later point in the process, a ball 285. plug or 

other similar device, is introduced into the pumped fluidic material 280. In a preferred 
embodiment, the ball 285 mates with and seals off the Inlet 265 of the fluid passage 
220. In this mariner, the chamber 270 is fluididy isolated from the chamber 275. 

As illustrated in FIG. 2d, after placement of the baH 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic material 290 is pumped Into the chamber 270. The fluidic 
material is preferably pumped Into ttie chamber 270 at operating pressures and flow 
rates ranging firom about 0 to 9,000 psi and 0 to 3,000 gallons/minute In order to 
provide optimal operating efficiency. The fluidic rnaterial 290 may be any number of 
conventional corhmercially available materials such as. for example, water, drilling 
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mud» cement, epoxy, or slag mix In a prefen^d embodiment the fluldic miaterial 290 Is 
a non-hardenable fluldic material in order to maximize operational efficiency. 

Continued pumping of the fluldic material 290 Increases fluldic material 280 
increiases- the operating preissurie within the chamber 270. The increased operating 
5 pressuTB in the chamber 270 then causes the nnandrel 215 to. extrude the mandrel 
launcher 210 and tubular member 225 off of the.conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular rnember 225 to 
expand in the radial direction. Contihued pumping of the fiuidic material 290 preferably 
10 causes the entire length of the tubular member 225 to expand in the radial direction. 

In a prefenned embodiment the pumping rate and preissiire of the fluldic 
material 290 is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 200, in a prefenred embodiment the apparatus 200 
includes shock absbrt)ers for absorbing the shock caused by the completion of the 
15 extrusion process. In a preferred embodiment the extnjsion process causes the 
mandrel 215 to move in an ^al direction 295. 

As illustrated in FIG. 2e. in a preferred embodiment upon the completton of the 
extrusion process, the support memb^ 205; packer 210, first fluid coriduit 215, annular 
seal 230, ^oond fluid conduit 235, mandrel 245, and nnandrel launcher 250 are 
20 removed from ttie wellbore 280. In a preferred embodiment the resultirig new sectton 
of wellbore casing includes the preexisting wellbore casing 275. the expanded tubuler 
n)ember 225, the slips 230. the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an alternative embodiment the apparatus 200 is used to repair a preeMsting 
25 wellbore casing or pipeline. In this alternative emtxxllifnent both ends of the tubular 
memt>er 255 preferably include slips 260 and seals 265. 

In an alternative embodiment the apparatus 200 is used to form a tubular 
structural support for a bulkJing or ofbhore structure. 

In a preferred embodimeht, the tubular, members 105 and 225; shoes 240; 
30 expansion cone launcher^ 150 and 210; and expansion cones 145 and 215 are 
provMed substantially as d^cilbed in one or niore of the following U.S. patent 
applications: (1) utility patent application number ■ • attorney docket 

number 25791.9.02, filed on.11-16-1999, which dairhed the benefit of the filing date of 
provisional patent application number 60/108,558, att(^ey docket number 25791.9, 
35 filed on 1 1-16-1 998; (2) utility patent application number . , attoniey docket 
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number 25791.3.02, filed on 12-3-1999. which dalmed the benefit of the filing date of 
provisional patent application number 60/111,293. attorney docket number 25791.3. 

filed on 12-7-1998; (3) utility patent application number _, attorney docket 

number 25791.8.02, fBed on 2-10-20)0. which claimed the benefit of the filing date of 
proviskwial patent appncatlpn number 60/119,611. attorney docket number 25791.8. 
filed on 2-11-1999: (4) provisionai patefit application number 60/121,702, attorney 
docket number 25791.7. filed on 2-25-1999; (5) proviskwial patent applteation number 
60/121,841. attorney docket number 25791.12. filed on, 2-26-1999; (6) provisto^al 
patent appOcatton number 60/121,907, attorney docket nunriber 25791.16, filed on 2- 
26-1999; (7) provisional patent appficatton number 60/124.042, attoniey docket number 
25791.11, filed on 3-11-1999; (8) provistonal patent applteation number 60/131,106, 
attorney docket number 25791.23. filed on 4-26-1999; (9) provisional patent applicafion 
number 60/137.998* attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisional patent applicatton number 60/143.039. attorney docket number 25791.26. 
filed on 7-9-1999; (11) provistonal patent application number 60/146,203. attorney 
docket number 25791.25, filed on 7-29-1999; (12) provisional patent appHcation 

number , attorney docket number 25791.29. filed on 9-16-1999; (13) 

provbkjnal patent a|:q>licatk>ri number - . attorney docket, number 

25791.34, filed on 10-12-1999; (14) provfeional patent applicatton number 

attorney docket nun^ 25791.36. filed on 10-12-1999; (13) provistonal patent 

applicatfcN) number 60/159.033. attorney docket number 25791.37. filed on 10-12- 

1999; (15) provistonal patent appltoatior) nunjber , attomey docket 

number 25791.27. filed on 11^1-1999. Applicants Incorporate r^erenoe the 
disctosures of these applications. - 

Although illustrative embodiments of the invention have been shown and 
described, a wkie range of modification, changes and substitutton is contemplated in 
the fbtegoing.disctosure. In some instances, some features of the present inventton 
may be empkiyed without a ccmespondihig use of the other features. Accordingly, it is 
appropriate that the appended claims be cpristrued. broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1. An apparatus, comprislr^: 
a ifirst tubular member; and 

a second tubular memb^ coupled to the first tubular member; 
a mandrel within the second tubular member; 

a pressurized region within the'second tubular member above the mandrel; and 
a mechanism adapted for displadr^ the mandrel with respect to the second 
tubular membCH:; 

wherein the first tubular member includes a defective portion, and wherein the 
second tubular merhber is positioned bi opposing rplatiori to the defective portion. 



1. A method of coupling a tubular member to a preexisting structure, 
comprising: 

positiontrig the tubular member in an overlapping relationship to the preexisting 
structure; 

5 placing a mandrel within the tubular member; 

pressurizing an annular region within the tubular member above the mandrel; and 
displadng the i^nandrel with respect to the taJbular meni^ 

2. The method ofdalml, further comprising: 
10 removing fluids within the tubular, memtier that are displaced by the displacement 

of the mandrel. 

3. The method of. daim 2, wherein the removed fluids pass inside the annular 
region. 

15 

4. The method of daim 1 , wherein the vdume of the annular region increases. 

5. The method of daim 1 , further including sealing off the annular region. 

20 6. The method of daim 5, wherein sealing off the annular region indudes sealing a 
stationary meniber and sealing a non-stationary member. 

7. • The method of daim 1 , further induding convening fluids in opposite directions. 

25 8. The method of daim 1 , further induding conveying a pressurized fluid and a non- 
pressurized fluid in opposite directions. 

9. Tlie method of daim 1, wHereIn the pressurizing is provided at operating 
pressures ranging ftom about 0 to 9.000 psi. 

30 

10. The method of claim 1 , wherein the pressurizing is provided at flow rates ranging 
from about 0 to 3,000 gallons/minute. . 

11. An apparatus for radially expanding a tubular member, comprising: 
35 a first tubular member; 
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